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Mari ne Ceol ogical Investigations in the Beaufort Sea in 1981 and Prelimnary
Interpretations for region fromthe Canning River to the Canadian Border.

By: FErk Reimmitz, Peter W Barnes, Peter w. Minkler, Douglas M Rearic, and
Edward W Kempema, and Thonas Rei ss.

| NTRODUCTI ON

The USGS vessel R/'V KarRLUK ran approximtely 1000 km of geophysi cal
tracklines on the inner shelf of the Beaufort Sea, Alaska fromJuly 14 to
August 20, 1981. In addition to the trackline surveys, 37 sedinment grab
sanples were collected, one area was investigated by SCUBA divers, and 5 sites
were nmonitored with Ccean Bottom Sei snographs (0BS), three per site. The R/V
KARLUK |eft the Beaufort Sea on August 20 to support investigations by Drs.
Ral ph Hunter and Larry Phillips in the Chukchi Sea.

In our 1981 field efforts, the enphasis was on reconnai ssance data
collection from the eastern sector, between the Canning River and the
international border. This work was acconplished in tw legs, the first one
under P.Ww. Barnes, the second under Erk Reimnitz. |ce and weather conditions
were about average to favorable for inner shelf navigation during the first

hal f of the available open-water season. In this report we outline the
general scope of our 1981 field efforts in the Beaufort Sea, the types of
equipment used, |ist much of the data gathered, present those paraneters

already extracted from the geophysical records, and give prelimnary
interpretations of our findings.

DESCRI PTI ON OF FI ELD OPERATI ONS

Reconnai ssance work - Qur primary goal, areconnai ssance survey fromthe
Canning River tothe Canadian border, where alnpst no inner shelf data is
avail abl e, was acconplished (see Fig. 1). Geophysical lines were run as far
of fshore as ice concentrations allowed. Al lines fromthe Canning River
eastward extend seaward into very tight pack ice, beyond which further
penetration was inpossible. Early in the season this tight pack ice was near
the coastline. asthe season progressed, lines could extend farther

seaward. One bay and one |agoon were surveyed along this shore. Thirty-seven
grab sanples were collected, mainly on the open shelf. For this

reconnai ssance work navi gational control is based on radar fixes and dead
reckoni ng. The probable uncertainty in position ranges from 100 or 200 m near
shore, to as nmuch as 3 km under dead reckoning on the seaward ends of several
tracklines.

Site-specific work - Between the Canning River and the Colville River, surveys
were site specific. Detailed surveys for preparation of side-scan sonar

mosai cs with bathynetry were run in four snall areas, two on Stanukhi Shoal,
oneon the 18-m bench seaward of Narwhal Island, and another one on the 18-m
bench seaward of Reindeer |sland. Detailed bathynetric surveys were run
around the “West DockC' and around two artificial gravel islands: N akuk 3
and B.1?. 37. fTwo test lines from previous years were re-run (first run in
1973, see Reimnitz, et al., 1977, and Barnes, et al., 1978) and two new test
lines were established with side-scan sonar to determne yearly rates of ice
gouging. For all of these detailed surveys, positions were plotted using a
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Figure 1. 1981 geophysi cal tracklines and site specific surveys, wth
line nunbers listed in Table I.




Del Norte Trisponder system with a distance neasuring accuracy of +3 m  This
system provides a position accuracy of +8 m

M scel | aneous studies - Three ocean bottom Sei snographs were depl oyed
overnight at five different localities in shallow water between |ongitude 148°
West and the Canadi an border. The water depth ranged up to about 4 m The
purpose of this work was to nonitor reported |owfrequency natural seismicity
in areas of decaying permafrost.

The diving investigation consisted of a roughly 1.5 km dive sled traverse
through the area of the North Stamukhi Shoal side-scan sonar nmosaic. A
transponder was placed on the sea floor on each end of the traverse to
facilitate rerunning of the ship- and diving surveys in later years. A large
area around each transponder was seeded with |ead birdshot for follow up
studies of sedimentation and shoal nigration.

EQUIMENT USED

Bathymetry was recorded on a Raytheon RTT 1000 dry paper recorder using
either a hull-nounted 200 kHz transducer with an 8° beamw dth, or a 200kHz
transducer with a 4° beam width (narrow bean). Al records were corrected for
draft of vessel or tow depth. A 7 kHz transducer was used in conjunction with
the RTT 1000, recording subbottom reflectors up to 10 m below the sea floor.
Deeper penetration high-resolution seisnmc data were recorded on an EPC nodel
1400 recorder using 1/4 second sweep and firing rate with a 300 Joul e EG&G
Model 234 Uniboom as a sound source. The signal was filtered to approximtely
600- 1600 Hz.

Si de-scan sonar records were taken using aMdel 259-3 EGsG wet paper
system and a Mdel 272 sonar fish with a 105 kHz 1/10 second pul se at a 20°
beam angl e depression. Records were also taken on a Mddel =4 960 EGsG digital
system The digital data for the nopsaics were recorded on magnetic tape on a
Kennedy Mbdel 9000 nagnetic tape recorder. The Mdel 272 sonar fish was used
for both systems--the digital and the wet paper recorders.

OBS data were recorded en a 3-receiver system designed and built by Polar
Research Laboratories of Santa Barbara, California. The three units were
deployed in triangular arrays at each of 5 sites, with an internal spacing of
about 100 m

DATA AQQUIRED

CGeophysi cal data acquired (see table 1) consist of approximately 1005 km
of trackline bathymetry along with 7 kHz subbottom profiles, 800 km of side-
scan sonar records, and 500 km of Uniboom seismic reflection records. The
data listed in table 1 are keyed to figure 1. The data are in the formof 29
rolls of bathymetry, 20 rolls of side-scan sonar, 10 rolls of Uniboom records,
5 rolls of simrad fathometer records, 38 reels of recorded side-scan nagnetic
tape, 120 hours of OBS magnetic tape, 8 field naps, and the ship’s log. The
ship’s log contains inportant information on systems in use on each |ine,
system settings (scale, filters, etc.), navigational data used in plotting
positions, severity of ice conditions and course-hol ding problens and unique
observations or systens difficulties. Copies of all field data are available
on mcrofilmfromthe National Geophysical and Solar Terrestrial Data Center,
NOAA, Boul der, Colorado. The microfilmis a copy of the geophysical records,
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Table 1 - Ceophysical data*

Li ne No. Description Rayt heon Si de-scan Uniboom Kil oneters
1 West Dock yes - - 22
2 Niakuk Island 1 - - 10
3 West Dock 1 - - 22
4 Exxon |sland 2 - - 7
5 Qutside Leffingwell Lagoon 2 - 1 24
6 Flaxman |sland channel 2 - 1 6
7 CQutside Flaxman |sland 3 1 - 9
8 West Canden Bay 3 1 - 17
9 East Canden Bay 4 2 1 56
10 East of Jago Spit 6 5 - 81
11 Demarcation Bay 7 6 2 30
12 Beaufort Lagoon 8 7 3 17
13 Qutside Beaufort Lagoon 9 7 3 29
14 East of Jago Spit to Barter Island 10 8 4 43
15 Test Line 7 11 9 4 19
16 Test Line 8 12 9 5 17
17 East of Pole Island 12 - - 26
18 Test Line 6 13 10 5 17
19 Reci procal, Test Line 6 13 11 - 17
20 18-m bench delineation 14 - - o 28
21 Mpsaic northeast of Narwhal |[sland 15 12 - 55
22 Continue nosaic 16 12 --
23 18-m bench north of Reindeer I|sland 16 13 o 23
24 Cat Shoal 17 - - -- 45
25 Test Line 1 - - 13 o 10
26 Test Line 2 18 14 o 20
27 Test Line 1 18 14 o 19
28 South Stanukhi Shoal Mbsaic 19 14 o 46
29 North Stamukhi Shoal Mbsaic 21 16 -
30 Rerun 1977 lines on Stamukhi Shoal s 23 - - o 65
31 Canden Bay to Barter |sland 23 - - 6 9
32 Continental Shelf Run off Barter Is. 23 17 6 48
33 Seaward |eg offshore east of

Barter Island (+ 14 kmrun over) 25 18 7 20
34 Shoreward | eg east of Barter |sland 26 18 7 19
35 Dogl eg of fshore & back into Pogok Bay 26 19 8 41
36 O fshore and back outside Beaufort 27 19 8 52

Lagoon
37 Line at U. S./Canadian Border 29 20 9 19
38 Offshore Denarcation Bay 29 20 10 24

*Numbers in the Raytheon, side-scan and uniboom columns represent beginning roll
nunbers and signify data gathered on that line by that system No nunber neans
the system was off.



ship’s log and conmputer print-out of digitized way points. The printout of

t hese way points would allow for reproduction of tracklines at any scale, and
correlation to geophysical records through time points. Oiginals are
archived at the U S. Geological Survey, Deer Creek Facility, 3475 Deer Creek
Road, Palo Alto, California 94304.

Surface sanples collected are listed intable2, along with water depth,
| ongitude, and latitude, and shipboard sanple descriptions and observations.
The locations are shown in figure 2. Alnost all sanples were obtained with a
grab, and cuts from nost were given to Dr. Bill Briggs for studies of
Ostracodes. The bulk of the material is being kept at our facility in Palo
Al'to, California.

DATA ANALYSI S

In our analysis of the geophysical reconnai ssance data obtained between
the Canning River and the canadian border the focus has been on ice gouging.
For the analysis we have basically used the shore-nornmal transects and
el imnated shallowwater, shore-parallel lines (Fig. 3). The short tine
avail abl e for analysis required reduction of the number of paraneters
extracted from nonographs and fathogranms, conpared to the very thorough
anal ysis completed for the region west of the Canning River (Rearic et al. |,
1981) . A copy of the conpleted data sheets used in this study is presented
here as an Appendix. Asin previous work, the tracklines are broken into 1-
kmlong segnents, as listed in the first colum of the data sheets. The
parameters we considered nost significant for this study are the follow ng:
1. Water depth - to find relationships to severity of gouging.

2. CGouge depth - maximum gouge incision depth per km segment.

3. Ridge height - to allow calculation of total relief from gouging.

4. Gouge width - maximm per km segnent.

5. CGouge density - the nunber of gouges actually counted is to the left of the
normal i zed count listed in this colum and separated by a slash.

6. Couge orientation - dominant trend with respect to trackline is to the
left of the true north orientations and separated by a slash.

7. Sediment cohesion - an attenpt to judge from geophysical records whether
the bottomis conposed either of sand and coarser non-cohesive material,
or of fine and cohesive material, as reflected in the shape and
character, of the gouges.

We also measured the depth bel ow sea level of the first continuous
subbottom reflector seen on the 7kHz records (“Reflector A‘). The main
purpose of extracting this data was an attenpt to relate ice gouges to the
geol ogy of the shelf surface. Subtracting water depth from “Reflector A"
gives what we consider the maxi num possible thickness of Holocene narine
sedi ments bl anketing the shelf. Gven the fact that ice gouging has
repeatedly disrupted the sedinments since the last transgression, the Holocene
marine sediments should not contain continuous internal reflectors in seisnic
records, an assunption that has strong support from detailed studies done in
t he Prudhoe Bay region. But until nore detailed work allows us to correlate
through the entire region of this reconnaissance survey, we cannot put rmnuch
enphasis on this data.



TABLE 2

1981 Sanpl e Descriptions

Stat ion Water Type leference

Number || atitud | Longitude| Depth(m | Sampli | .ocaticn _ Description

4 70.387° | 148.515° 2 achunl | W. Dock Core lenath 37.5 cm. Verv thin souo on top averlying

‘ mud with-gravelly mud at-base.

5 70.1050 | 345.3249| 15.5 Grab | Line 8 on seaward flankof shoal. Sand

6 70.1040 | 145.3260 | 12.5 Grab | Line 8 on seaward flank of shoal. Clean sand

1 70.1030 | 145.328°| 9.5 Grab | Line 8 On crestof shoal. Coarse sand

8 70.1020 | 145.3300 | 13 Grab Line 8 Inside shoal. Coarse sand and pea gravel 1-2cm) over
grey mud.

9 70.1010 | 145.3330| 13 Grab Line 8 Inside shoal. Sandy mud. Few pebbles

10 70.0200 | 145.3150 | n beach .amden 8ay Outcrop of stiff silty clay (?)

11 69.6750 | 141.3190 5 Grab | 'emarcation Bay Sandy mud with bivalves.

12 69.6560 | 141.2810 4 Grab | Demarcation 8ay Organic mud, silt and clay with trace of sand.

13 69.6550 | 141.3560 4 Grab | Demarcation Bay Organic mud w/worm tubes.

14 69.8590 | 142.1630 2.2 Grab | eaufort Lagoon Sandy organic-rich mud. Peaty material - brown. to black

15 69.8900 | 142.2530 3 Grab | eaufort Lagoon Muddy organic sand

16 69.9090 | 142.3150| 2.5 Grab | eaufort Lagoon Muddy organic sand

17 70.1270 | 142.5000 | 35 Grab | )ffshore Pokok Bay| Muddy sand. Soft!

18 70.0560 | 142.4880 | 23.5 Grab | ffshore Pokok Bay| sandy mud

19 70.0310 | 142.5360 18.5 Grab | Yffshore Pokok Bay| “After 3 lowerings muddy gravel. Gravel w/beathic growth
Stiff, silty c]a,y below?

20 70.0170 | 142.5220 | 16 Grab | Jffshore Pokok Bay| Fairly clean sand overlain by 1-2 cm of muddy sediments.

21 9.9890 | 142.5180 7 crab | Xffshore Pokok Bay| clean fine sand




TABLE

2

1981Sample Descriptions

probably no

shells,

Station Water Type Reference
Number | Latitude} Longitud | ‘epth(m | sample| Location Description

22 70.633 148.1600 - Ice | N. of Reindeer Stamukhi ice

23 70.6330 | 148.1690 Ice | N. of Reindeer Gravelly mud on only one surface of blocky ice flge.

24 70.620¢ | 148.1270 | 18 Grab | 18-m bench/Reinde¢ | Crest of ridge. Muddy gravel, overcon&olidated?

25 70.620¢ | 148.1460 18 Grab | 18-m bench/Reindee | Samples 24,25,26 at top of break in slope on 18-m bench
all muddy gravel of various consistencies, from soupry on

26 70.620¢ | 148.1670 18 Grab | 18-m bench/Reindee | the west to stiff on the east.

27 70.498€ | 143.203¢ 52 Grab | Line 32 Gravel, up to 3 cm diameter w/bryozoans and other small grawtt
in big gouge terrain with rounded relief. Between pebbles
apparently is a trace ¢f trapped transient mud.

28 70.357¢ | 143.2920 | 40 Qf fshore Barter Is | yedjum firm grey mud w/ a few scattered very small pebbles.

29 70.2300 | 142.7470 40 Grab | Offshore Pokok Bay | Firm mud w/ a 5-cm layer of soft mud on top. No shells
or pebbles.

30 69.8730 | 141.7170 23 Grab | Line 36 Pebble rich, sandy mud, soft. Pebbles up to 5 cm w/coral
growth, bryozoans.

31 59.8820 | 141.1470 34 Grab | Line 38 Soft mud, perhaps even transient layer separated by thin
black line from finer mud below.Nopebbles,
sand.

32 59.8850 | “41.2420 32 Grab | Line 38 Slightly silty clay, increasing very gradually from soupy
on surface to slightly firmer below. Several small
no pebbles.

33 )9 .8160 | 41.2590 30 Grab | Line 38 Silty clay, grey as sample 32 w/gradual increase in strength
downward, no sand, small brittle star.

34 19.7860 | 41.3700 23 Grab | .ine 38 Slightly pebbly, sandy mud. Soft at surface (5 cm) and
firmer at bottom (15 cm).

35 69.7540 | 41.4440 6.5 Grab | Line 38 ‘ebbly, slightly muddy sand. One large pebble (6 cm),
,ubrounded, with much growth, including bryozoans, coral, etc.

36 69.7390 | 41.4640 2.5 Grab [ .ine 38 >lean pebbly sand, one clast 6 cm. No growth, no mud.

37 69.7190 41. 4790 7.5 Grdb | Line 38 After 3 lowsrings: muddy gravel, clast to 10 cm, no growth.

|

(g



o ) . ! ! 7 ] T

150 Y

1981 Surface Sample Locations

. . Beaufort Sea

o 50 .
Kilometers * So.mple Site ¥
ot o OBS Sife , Pergiration
1 1 . 148 . I‘:6 . |4.4° 142°

Figure 2. 1981 station |locations for grab sanples and Ocean Bottom Sei smographs (0BS).



OT-I

Ay

70"30°L

6o

Beaufort Sea

60
70°00
‘Yo
Bathymetry and Tracklines 9 \
Alaska 1981
L4
Bathymetry in Meters 0 \ 0
Mercator Projection B -~ Break in slope
Kilometers 25 ez - Bench and crest height H X
: 8 24 '
ey zoW' Shoal and crest height "
69”30”J 0 16 32 Demarcation Point _f
146”00 144" 00" 142”00’
Figure 3.- Sathymetry and 1981 it Iihn'eS used in the data analysis for the present study
grea.  Shoals and benches, with their heights in neters above the surrounding sea
floor, are shown.




A conputer was used for plotting certain gouge parameters on naps, for
sinple statistical analyses, and for preparing scatter plots of gouge
parameters.

RESULTS

Bat hymetry - The bathymetry shown in figure 3 is from Geenberg, et al.

(1980), and we generally found no nmajor disagreements with the water depths
recorded along our tracklines. However, the trackline off the Canadian border
should have crossed a broad shoal suggested by published data, but we found no
indications for this feature. Previous work has shown the inportant role

pl ayed by shoals in ice dynanmics and in controlling ice zonation (Rearic and
Barnes, 1980; Reimitz et al., 1978), and we therefore indicate the mjor

t opographi ¢ highs crossed by our survey lines, along with the height above the
surrounding sea floor. W assune that these features are oriented generally
shore parallel as suggested in figure 3. Only the shoal off the Canning River
was surveyed by a zigzag trackline pattern and is well defined.

|ce Gouging - The pattern of dom nant ice gouge alignnent parallel to regional
iscbaths as mapped west of the Canning River (Barnes et al. , 1981) continues
eastward to the Canadian border (Fig. 4). The Barter Island region, fornming a
maj or pronontory jutting out into the pack-ice drift of the clockwi se rotating
Beaufort Gyre, separates two regions with distinctly different isobath trends
and ice-gouge trends. In figure 5 we plotted water depth agai nst dominant
gouge orientation. A clear break is shown at 18-20 m water depth, wth
considerable orientation scatter shoreward, and parallel alignment seaward.

The mean gouge orientation of 103"T in the study area is heavily weighted by
trend determnations corresponding to the NWSE trending isobaths east of
Barter Island. By conparison, the nean gouge orientation west of the Canning
River is 9oeT.

I ce gouge density values (adjusted gouge counts per km of trackline) have
been contoured in figure 6. A very well defined zone with over 150 gouges per
km of trackline lies in water 18-36 mdeep. This zone has been definedby
Reimmitz et al. (1978)as the stanukhi zone. The scattergram (Fig. 7) shows a
clear trend of increasing gouge densities from the shore to the stamukhi zone,
and decreasing gouge densities fromthere to 58 m water depth. The greatest
depth at which a gouge was seen was at 58 mon line 32, which extends to the
edge of the shelf. The nean gouge density in the survey area is 108, conpared
to a value of 63 for the region west of the Canning River. W believe that
these higher gouge counts are explained largely by the fact that mean water
depth for the areas surveyed here is 25 m whereas west of the Canning R ver
the mean depth is 17 m

The maxi mum gouge incision depths have been contoured in figure 8. Again
the 18 m isobath is a dividing |ine between maxi mum incision depths of |ess
than 1 minshore and greater than 1 m offshore, as also shown on the
scattergramin figure 9. But the naximum incision depths and the maximm
gouge widths (Fig. 10)continue to increase seaward and do not begin to
decrease until the very outer ice-gouge limt observed on lines 32 and 33.

The mean for all maxinum incision depths in the study area is .8 m conpared
to .5 mfor the western region. The nmean of the maximm incision widths is
10 m versus 8 mfor the western region. Again the larger gouge size can be
explained in part by the greater average water depth in the present study area.
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Figure 11 is a scattergram of ridge height versus water depth. This
shows that shoreward of the 18 m isobath ridges are no higher than 1 m
Ri dges are highest between the 25-m and 45-m iscbaths, and decrease fromthere
seaward. This is contrary to the continuous increase in gouge depth and w dth
measurenents with increasing water depth. Total ice gouge relief (incision
depth plus ridge height) was plotted against water depth in figure 12 and
shows an increase offshore with a slight drop near the outer limt of ice
gouging. Barnes et al. (1980), based on the highest ridges and greatest
incision depths seen in the western area, speculated that total relief could
reach 8 min a single gouge. In the present study the greatest wvalue for
total relief seen in a single gouge was 8 m and found in water 38 m deep.

Figures 13 and 14 are scattergrams of gouge density plotted against
maxi mum inci sion depth and maxi num incision width respectively. Both
scattergrans show that with increasing gouge density there is a corresponding
decrease in gouge size. This inverse relationship canbe explainedby the
fact that large gouges take up nmobre space in each counting interval than
smal | er gouges and correspondingly fewer large gouges can be fit into such an
interval. Many snall gouges may al so be reworked by fornation of one |arge
gouge. Figure 15 shows a plot of gouge orientation versus gouge density. The
difference in scatter between figures 5 and 15 denonstrates that orientation
is related to water depth but not to gouge density.
Seismic reflection studies - The central portion of the study area is
interpreted by Gantz and Dinter (1980) as being tectonically and seismcally
active and undergoing uplift during the Hol ocene. The geol ogy here is nore
favorable for seismc profiling than in nmost of the regions west of the
Canning River, where the data is very difficult to decipher. Figure 17 is a
sanpl e Uniboom record (for location see figure 16) on which the nost prom nent
sets of reflectors have been enhanced with inked lines. A major angular
unconformty lies at a depth of 10-12 nmsec below the sea floor. Only 3 nsec
bel ow the sea floor a discontinuous faint reflector can be traced. (Assun ng
a sound velocity of 2,000 nsec in sedinent, 1 nsec is 1 m on this record. )
Fi gure 18is asample Uniboom record with the angular unconformity at the sea
floor possibly overlain by an extremely thin veneer of soft sedinment that
cannot be traced on this record. The hyperbolic patterns within the upper 10
msec of the record are a result of the ice gouge relief on the shelf
surface. W do not know whet her these gouges are cut into the old dipping
strata truncated by the sea floor, or whether scouring by ice has resulted in
a thin residual deposit in which the gouges are formed.

Very thin surface sediment l|layers are best resolved on the 7 kHz record.
Exanpl es of these records are shown in figure 19 (A and B). In figure 198 the
strong dark band 1 m below the sea floor, and precisely conformng to the ice
gouge relief, is the 7 kHz trace of the sea floor. The faint reflector at
about 58 m bel ow sea |level is a real subbottom reflector. Al such shallow
reflectors were traced fromthe 7 kHz records at a very shortened horizonta
scale, giving a high vertical exaggeration, and are presented as figures 20
through 23. Tracklines and figures are arranged in order from the Canning
River to the Canadian border and all lines are oriented with the shoreward (S
SW end on the left side, except tie line 33-34, which parallels the slope
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The seafloor trace also distinguishes between surface material types, as
interpreted in the next section.

None of the sections traced in figures 20 through 23 contain reflector
patterns revealing sediment accretion. On the contrary, nost areas show
shal | ow subbottom reflectors at varying angles to the sea floor, and cropping
out sonewhere along the traverse. W can detect no thickening of surface
units towards rivers and coastal bluffs, the nodern sedinment sources. The
tracings also do not reveal a thickening of units towards the shelf edge
Mich nmore work will be necessary to gain an understanding of the stratigraphic
compl exities below the shelf surface. W prepared a scattergram Wi th water
depth plotted against sediment thickness above the first reflector (Fig. 24)
and found that in the areas covered by our tracklines, the first reflector
t hi ckness is nowhere greater than 10 mand in nost cases is less than 6 m
Surficial Sedi nents - In our appraisal of surface sediment textures for the
region fromthe Canning River to the Canadian border we used the surface
sedi ment sanples collected in 1981, the classification of geophysical records
into cohesive and non-cohesive sedinent types in |-kmtrack segnents, and
sedi ment analyses of sanples reported by P. W Barnes (1974).

The 1981 shipboard sanple descriptions are condensed in table 2. Dots
mark the sampling sites in figure 25 (station nunbers are shown in Fig. 2).
The conparison of the texture of surface sediment sanples with the appearance
of ice gouge relief on fathograms and nonographs showed good correlation. Qur
interpretation of the geophysical records and the classification of relief
forms into “rough” and “subdued,” and classification of surface sedinent
textures into “cohesive” and “non-cohesive,” is, of course, strongly
influenced by detailed diving and sanpling investigations nmade west of the
Canning River. Figure 19 is a sanple of fathograms recorded in areas of
cohesive, muddy surface sedinents (A) and non-cohesive, coarse, granular
sediments (B). In the latter case the materials piled up in flanking ridges
during the ice-gouging process nove downslope t0 assune the angle of repose as
the ice passes. Subsequently the aging process, aided by current effects on
non-cohesive materials results in broadly rounded ice-gouge forms. The fine-
grained surface sedinents, on the other hand, assune relatively steep slopes
sometimes bl ocky shapes, during disruption by ice and remain in this position
even through periods of current activity. The nonographs shown in figure 26
represent sanples of these two distinct bottom types. In figure 26A the
gouges are cut into cohesive materials, nost apparent in the ridge details.
These are piles of jagged materials alined along gouges and |ack the
continuous snmooth ridges seen infigure 26B. The snooth ridges of figure 26B
were recorded at the same time and place asFig. 19B. Figure 26A was chosen
as an exanple because a first-year pressure ridge that produced the rake narks
on the seafloor is firmy grounded at the end of the gouges

The two bottomtypes interpreted fromthe geophysical records were
plotted and the results are shown on the map in Figure 25. Coarse, granular
materials blanket a strip fromthe coast to about 15-m water depth. Seaward
of the 15-m water depth lies a zone of fine, cohesive surface sedinents, which
grade seaward into coarse granular materials. Coarse-grained naterials can be
traced uniformy for many kilometers on line 32, the long track extending
northwestward from Barter Island to the shelf break. at 53-m depth we
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Figure 26. - sonographs of rough (A) and snooth (B) gouge relief, a difference we interpret as due to the
presence of cohesive (A) and non-cohesive (B) sedinments. 5 large piece of ice is grounded in the | ower
center part of sonograph At gouges under the ice are hidden. Sonograph B corresponds to fathogram B in
Fig. 19. The 3 sharp gouges on the fathogram are clearly visible on the sonograph. Even though there

isd? lot of relief in the area, the seafloor texture is smooth because of the non-cohesive nature of the
sedi ment's

pe



interrupted the line to collect a sanple for verification and retrieved
essentially clean gravel with attached organisnms. The shoals within the strip
of cohesive materials on the central shelf appear to be generally sand and
grave 1. The numbers shown on the shelf west of Barter Island in figure 25
represent percentages of sand plus gravel taken from surface sedinents

anal yzed by Barnes (1974). These values substantiate that nuch of the shelf
surface, and especially the outer half, is covered with coarse granular
material s

Shoal s of the stanukhi zone

The relationship of coastal pronontories and shoals acting as strong
points in the control of ice dynam cs and zonation has been of considerable
interest to our studies (Rearic and Barnes, 1980; Reimitz et al. , 1978). The
published charts for the study area do not show a pattern of shoals downdrift
of the Barter Island promontory, simlar to the pattern devel oped west of the
Cross Island pronontory. However our reconnaissance survey |ines provide
single crossings of a number of shoals. One long linear shoal off the Canning
River was crudely defined by a nunber of crossings. A nunber of sanples
collected around that shoal show it to be conposed of sand and gravel, simlar
to the shoals west of the Canning River which have been thoroughly studied
Most of the other shoals as well are conposed of coarse granular materials as
interpreted from the geophysical records. A sanple crossing is shown in
figure 27. The sonograph shows an intensely gouged sea floor on both sides of
the shoal. Here the gouge flanks have the rough appearance typical of flanks
associated with fine-grained cohesive materials. The shoal itself, is
conposed of coarse granul ar maerial with a snmpothed, rounded surface and a
trace of current ripples on the crest. |ce hangups are nobst commpn on such
shoal s and the sonograph shows such a stanukhi along the crest.
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Figure 27. - sonograph (A) and fathogram (B) of a shoal crossing in the stamukhi zone. The shoa

. crest is
characterized by a snmooth, noncohesive texture, while the surrounding bottom exenplifies the jagged

cohesive sediment texture. The smoothness of the shoal crest, which is gouged by ice more frequently

than the surrounding bottom indicates that hydraulic processes rapidly rework the sedinents on the
shoal crest.



DIscussioN AND CONCLUSI ONS

Sedi nentation - From conbined coring, diving, and seismc profiling studies in
nunmerous different marine geological environnments and settings west of the
Canning River, we are convinced that where repeated ice plowing occurs wth

sl ow sedi nent accretion, no continuous sedinentary units develop. Sedinents
come to rest mainly in troughs of gouges, and the shape and extent of a trough
define the limts of sedinentary units. Assuming that the depositional
enviromment on the Beaufort Sea shelf has renmained constant for the |ast
10,000 years or longer, with slow accretion and rapid re-gouging, We See no
possibility for the blanket of Holocene sediment to contain continuous

internal reflectors

All indications are that nodern sediment accunulations, possibly present
in lagoons and bays, are essentially lacking on the open shelf. The fine
grai ned, cohesive sedinent mapped in a band on the central shelf, nay be
modern deposits of several meters thickness, and nost likely the shoals of the
stamukhi zone are constructional features post-dating the |ast
transgression. The coarse granular materials on the inner shelf and on the
outer shelf seemto be relict deposits. The relict nature of the shelf edge
gravel s has been di scussed by Barnes and Reimmitz (1974), Naidu and Mowatt
(1974), and Rodeick (1975). Their interpretations are based on a) |low rates
of modern ice rafting of coarse clasts conpared to overall sediment accretion
rate, b) observed ferronanganese coatings on cobbles, c) about 15,000 year old
c'™ ages for near-surface shelf edge and upper slope sedinments, d) source rock
consi derations, and e) lack of seaward decrease in sedinent grain size from
coarse grained near the sedinment source to fine grained near the outer edge of
the shelf.

Grantz and Dinter (1980) nepped a seaward thickening wedge of Hol ocene
silt and clay on the Beaufort Sea shelf, using high resolution seismc
reflection records. In the Barter Island area in particular, they show a
| arge area of structurally fornmed and truncated stratified deposits |acking
any Hol ocene marine sedinents, and flanked on the northeast- and northwest
side by Holocene marine sedinents thickening to 30 and 40 m at the shelf
edge. Line #32 of the present study was aimed at reaching the shelf edge
where modern marine sedinents are 40 m thick, where sedinentation rates
presumably are high, and where the greatest water depth at which ice gouges
exi st would correspond with the present maxinum ice keel depth to be
encountered within the Beaufort Gyre. W reasoned that rapid sedinent
accretion suggested by 40 m of nodern sedi ment would elimnate gouges within a
period of several hundred years. Line #32 (for cross section see figure 20)
does indeed cross the erosional region on the md shelf, where ol der sedinments
are truncated by the seafloor, but it does not show a thick honbgeneous wedge
of Hol ocene sedinents to seaward. The character of the gouges recorded, in
fact, made us suspect gravelly surface sediments and we interrupted the line
to collect a sanple. The gravel retrieved at 52 m water depth, along with the
honogeneous appearance of the records for tens of kiloneters, supports previous
sedimentological interpretations that nmuch of the outer shelf in the eastern
Al askan Beaufort Sea is blanketed by relict gravels, and not by Hol ocene
marine sedinents.

One of the major potential mdern sedinent sources for the eastern Al aska
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Beaufort Sea shelf is the Mackenzie River. Therefore, a conparison with the
sedinment distribution on the shelf between our study area and the Mackenzie
Delta will shed additional light on our belief that the outer shelf off
northern Alaska is a surface of non-deposition. Figure 28 is a conpilation of
our sedinent texture map extending to the Canadi an border, and a map of sand-
pl us-gravel percentages for the region east of the border by vilks et al
(1979). The Canadi an shelf surface is covered by sand and gravel. Yorath et
al. (1970) interpreted the sandy gravels, sands, and hard pebbly lutites as
“relict glacial deposits and and ice-pressed tills.” Thus, these conbined
interpretations of shelf surface sedinents, while not matching across the
border in detail, leave no room for a thick wedge of Holocene silt and clay on
the outer shelf. Qur interpretation of the 1981 seisnmic data also rules out
the possibility of thick Holocene sedinents in our study area. A thorough
study of this problemis urgent because the interpretation that slunping,
sliding, and faulting are active geohazards in this area (Grantz and Dinter,
1980) is strongly dependent on whether the shelf edge sedinents are old or
recent.

|ce Gouging - The statistical mean values calculated for various ice gouge
parameters in the present study area are greater than those of the area west
of the Canning River (Barnes et al., 1982), This canbe explai nedby the
exclusion of surveys in lagoons and bays from our present data anal ysis.

Aside of this difference, the overall patterns are found extending all the way
to the Canadian border and probably beyond. Along the entire A askan shelf,
the 18 misobath separates inshore |ow density and size values from offshore
high density and size values. The stamukhi zone, |ying between 18 and 36
meters of water depth, in all areas stands out by having the highest values on
most paraneters neasured, but east of the Canning River the values do not
decrease offshore with the same consistency as to the west of the Canning
River. Gouge densities follow the npbst consistent pattern along the entire
shelf. In the present study area, the pattern of highest gouge densities
corresponds rather well with a 5-year conposite of ice-ridges prepared by
Stringer (1978) and shown in figure 29. The significance of the 13 m iscbath
as a boundary between areas of mild and severe ice hazards (Xovacs, 1980) has
not shown up in our data analysis for the length of the shelf.

The trends of water depth contours in the present study area are nore
northerly on the average than those west of the Canning River, and a
conmparison of ice gouge trends in the two regions supports previous
concl usions that the plowing action aligns with the isocbaths. In this study
we were again able to denonstrate the tendency for ice gouges to align nore
consi stently isobath-parallel on the up-drift (eastern) side of major
pronontories, and nore variably on the down-drift side (Barnes, et. al. ,
1982) .

The | ack of gouges on the crests of shoals in the stanukhi zone and the
presence of hydraulic bedforms in coarse granular materials, again supports
our contention that active hydraulic processes reshape, and perhaps help to
rebuild, features that should soon be elinmnated by ice scouring. Even in the
consi stent presence of stamukhi (grounded floes) on the shoals during surveys
(figure 27) we rarely detect gouges, while the surrounding |ow and nore
protected terrain with cohesive surface sedinments is highly gouged
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The total vertical relief possible for a single gouge was previously
estimated (Barnes, et al., 1982) by adding the highest ridge from one gouge to
the deepest trough of another. In the recent surveys we found 8 neters total
relief across a single gouge, leading us to believe that accurate estimtes of
i ce gouge extrenes can now be made from our |arge volume of data

Drifting ice scraping the seafl oor appears to be an efficient planation
agent, producing erosional unconformities and truncating thick sets of dipping
strata. W feel that hydraulic processes alone acting on that sane surface
woul d have sculptured it in accordance with the resistance to erosion offered
by the different geologic units. Relatively well indurated beds would form
scarps. The ice pack acting on an extensive, non-honbgenous surface, however,
seens to take the different lithologic units down to the same |evel by
focusing mainly on the high points. Viewed in this light, the existence of
major, well defined shoals, is nore perplexing.

So far we have been unable to relate the intensity of ice gouging to the
underlying geology. Thus, one could also argue that all geologic strata
exposed to the action of ice in the study area are weak conpared to the forces
of the movina ice keels.

New Evidence for greater than expected ice depth - Favorable ice conditions in
1981, and a relatively nrrow shelf east of the Canning River enabled the RV
KARLUK tO survey ice gouges in generally greater water depth than has been
possible in the western sector. One particular line was extended to the very
shelf edge. In general, the relationship between ice gouging and water depth
in the study area is sinmlar to that determined for areas west of the Canning
River, with |owest values for certain gouge paranmeters inshore and offshore of
the stamukhi zone. In the presenty study, ice gouges were traced to maximnmum
water depth of 58 neters. Beyond that we saw only very broad, subdued relief
features unrelated to ice keel interaction. Anpbng the bedforms beyond the
deepwater gouge linmits we found slope-parallel, rhythmc lineations of 3 m
wave length but less than 20 cm of relief, which we interpret as probable
hydraul i c bedforms. These indicators, along with the presence of surface
gravels rather than fine materials, the sub-clued nature of gouge relief forms,
the seaward decrease in ridge height relative to trough depth and width, and
especially the recorded current pulses of up to 50 cm per second along the
shel f edge (Bagard, 1977) all suggest that active currents rework the deep
wat er gouges. Based on these considerations, the gouges found at 58 m water
depth are mpdern rather than relict (produced during |ower stands of sea

level ). Surficial hyperbolic reflections on Uniboom crossings of the shelf
edge between Barrow and the Canadian border, and the acconpanying surface
roughness, are fairly certain indicators for the presence of ice gouges.

These indicators can be traced in 28 representative traverses to maximm water
depths of between 60 and 64 neters (Dave binter, U S. Geol ogical Survey, ora
conmmuni cations, 1982).

Qur previous contention that ice gouges seen on the Beaufort Sea shelf at
depths greater than 47 m (the deepest keel actually observed) are nodern has
recently found additional support. Marine geologic studies by Canadian
workers in the Southern Beaufort Sea no longer call for |lower sea levels to
account for the deepest gouges observed. Also, statistical treatnent of ice
keel distributions in Arctic deep water, allow for 60 m deep keels to occur at
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arate of one every few hundred years (Peter wadhams, oral commrunication,

1982). These findings are of little consequence at the present stage of
petrol eum devel opnent in the Alaskan Beaufort Sea, but may in the future
assune consi derabl e inportance

Shal l ow seismic stratigraphy - Qur analysis of seismic records has not
progressed to the stage where correlating individual units fromline to line
and their interpretation, can be attenpted. However, we can put some linits
on the surface units - the Hol ocene marine sedinents. Qur reasoning |eading
to the conclusion that Holocene marine sedinents cannot contain continuous
seismc reflectors has been presented above. This is not only a theory, it
has been proven true in nunerous site specific studies in the west. Based on
this fact, the sedinent thicknesses above the first sub-bottom reflector are
the upper limt for the thickness of Hol ocene marine sedinents. A plot of
these values (Fig. 24) against water depth shows no trend. The mean depth
bel ow the sea floor is nearly 7 meters. But as discussed before, the geometry
of units defined by the shallow reflectors, excludes them in nmost regions from
being Hol ocene marine sediments. They are in fact ol der units.

Thick sections of stratified, tectonically deformed, probably Pleistocene
strata dipping at various angles, are truncated by the seafloor over extensive
regions in the Barter Island area. W have not been able to trace any
portions of the section to Barter Island fromthe ¥Flaxman |sland area, where
wel | known stratigraphy exists from boreholes. Sonme faults extend to near the
sea floor, but we are unable to detect surface scarps or other signs of recent
fault displacenments. However, the smooth truncation surface, extending for
many Kiloneters cutting across nunerous strata of presumably different
erodability, suggests that ice scouring is an efficient planation agent that
treats all mateials available uniformy. Thus, the |ack of nodern fault
scarps in our data is not necessarily evidence against recent novenent
post ul atedby Grantz and Dinter (1980).

Sand and Gravel Resources - Triggered in part by the high demand for sand and
gravel as construction naterial for offshore petroleum devel opment, the
Federal Governnent is making preparations for managing these resources on the
Arctic shelf through a leasing program In the present study area al
indications are that gravel is plentiful, even in deep water, and need not be
haul ed great distances. |In areas were active gouging creates up to 8 m of
vertical relief, the seafloor reflectivity and overall appearance is
honmogeneous for many kiloneters. |f such areas on the outer shelf were
underlain by interbedded nud, sand and gravel, the plowed ridges would revea
such inhonpgeneities. The sea floor would be littered with slabs of stiff
silty clay. The appearance of the geophysical records suggests to us that on
the outer shelf fairly clean, coarse granular materials have a thickness of at
| east several neters. However, several box cores from the outer shelf contain
firmumud units (Barnes and Reimnitz, 1974), raising questions that need
answers

| -44



REFERENCES

nagard, K, 1977, Current measurenments, OCSEAP Annual Report: Arctic Project
Bull etin #14, p.3

Barnes, P.W, 1974, Prelimnary results of marine geologic studies off the
northern coast of Alaska: an ecological survey in the Beaufort Sea, WEBSEC
71-72, Departnent of Transportation, U S. Coast Guard Cceanographic Report
No. CG 373-64, p. 183-227.

Barnes, P.W, and Reimnitz, Erk, 1974, Sedinmentary processes on the arctic
shelves off the north coast of Al aska: _in Reed, J.C, and Sater, J.E.,
eds., The caost and Shelf of the Beaufort Sea, The Arctic Institute of
North America, Arlington, Virgina, p. 439-576.

Barnes, P.W, MDowell, D.M, and Reimitz, Erk, 1978, Ice gouging
characteristics: their changing patterns from 1972-1977, Beaufort Sea,
Al aska: U S. Ceological Survey Open-File Report 78-730, 42 p.

Barnes, P.W, Reimitz, Erk, and Rearic, D.M, in press, |ce gouge averages,
maxi muns, characteristics, and associated processes, Beaufort Sea, Al aska
.in National Cceanographic and Atmospheric Administration, Environmental
Assessment of the Al askan Continental Shelf, Principal Investigators
Reports for the Year Ending March, 1981, 34 p.

Grantz, Arthur, and Dinter, D A, 1980, Constraints of geological processes on
western Beaufort Sea oil developrment: GO and Gas Journal, My 5, 1980, p.
304- 319.

G eenberg, Jonathan, Hart, P.E., and Gantz, Arthur, 1981, Bathymetric map of
the continental shelf, slope, and rise of the Beaufort Sea north of
Al aska: U S. Geological Survey Map [-1182-A, 6 p., 1 plate.

Kovacs, Austin, 1980, Recent ice observations: The Northern Engineer, v. 10,
n. 3, p. 7-12

Mwatt, T.C., and Naidu, S., 1974, Gavels from the Al askan continental shelf,
Beaufort Sea, Arctic Ccean: petrographic character and inplications for
sedi ment source and transport: Al askan Geol. and Geophys. Survey Qpen-File
Report ACF43, 40 p.

Rearic, D.M, Barnes, PB.W., and Reimitz, Erk, 1981, |ce gouge data, Beaufort
Sea,Alaska, 1972-1980:. U S. Ceol ogical Survey Qpen-File Report 81-950, 8
m crofiche cards.

Rearic, D.M, and Barnes, P.W, 1981, Reassessnent of ice gouging on the inner
shel f of the Beaufort Sea, Al aska: in National Cceanographic and
At nospheric Administration, Environnental Assessnent of the Al askan
Continental Shelf, Principal Investigators Reports for the Year Ending
March, 1980, v. 4, p 318-332.

Reimnitz, Erk, Barnes, P.W, Toimil, L.J., and Melchoir, John, 1977,1ce gouge
recurrence and rates of sedinment reworking, Beaufort Sea, Al aska:
Geology,v. 5, p. 405.



Reimitz, Erk, Toimil, L.J. , and Barnes, P. W, 1978, Arctic continental shelf
mor phol ogy related to sea ice zonation, Beaufort Sea, Al aska: Marine
Ceol ogy, v.28, p. 179-210.

Rodeick, C. A, 1979, The origin, di stribution, and deposistional history of
gravel deposits on the Beaufort Sea continental shelf, Alaska: U S.
CGeol ogi cal Survey Open-File Report 79-234, 87 p.

Stringer, WJ., Barrett, s.a., and Schreurs, L.K, 1978, Morphology of
Beaufort, chukchi, and Bering Seas nearshore ice conditions by neans of
satellite and aerial renote sensing: GCeophysical Institute, University of
Al aska, Fairbanks, 802 p.

Vilks, G, \Wgner, F.J.E., and Pelletier, B.R, 1979, The Hol ocene narine
environment of the Beaufort Shelf: Geological Survey of Canada, GCeol ogi cal
Survey Bulletin 303, 43 p.

Yourath, C.J., Shearer, J. , and Havard, CJ., 1970, Seism c and sedi nent
studies in the Beaufort Sea: Ceol ogical Survey of Canada, Paper 71-1, part
A p 242-244,

1-46



APPENDI X

to

ATTACHMENT "1™



T trenstne] Siendb Pofluh = Creofeswe  Newon-cohesu. TP

Line Number : 0Of& Year : /78/ gouge measuremente in meters
FaJthogram Measurements Sonograph Measurements
SEGMENT] Wi rorey | | ot | hae, | Gate] Deneity] OTIegTATIOn [Sedment
500 24,2 — y 7 /7 u,g//g,/ o /285 P 7 A K of sorar ris:gz iau;ﬂ'/z}g_;:shd
ool 22.8 — 8 .,9 | —] — — RJc |7 o o 7 Tt
one £2.1 21.1 8 A — —_ _ R /c ho senav for fh,s segmant
00 3 rANE 258 | 4 | .5 — - — R, e |70 ondr For hs Segment
004 1.4 ze1 <2 <2 — — S /N | IR ganar for his Segment, TueTer onch af Shar
60% n.0 220 .2 3 3 lar/93080 /200 | s/ |77 aomar s Coond Sdted
006 1. | 20| <2 <2 | /l |g&aR7)I56/ /246 | S AN |/ TS TR T, TATY
007 .3 223l <21 <2 5 |10/nzlzo/ 1o | & /) [9"9e drenarions are 5hly Voviakle.
008 18.0 235| <z | 2| 5 |R1fo6]se /26 | 2 /N v v
0oq EX) 24.3] .2 2 | 9 1192/211/58/ 278 | R [ |G iy e e e
010 4.1 244 | 4 | .3 g lsafei9lee/ 4 | R/C
01l 19.6 253| 4 S 17 as/zzisi /291 | /e [T Aol dnadle
N 20.1 zs3| .5 | 7 | s |afeyzia/ 17C R/C  |PEmeimons ;i,f;’!,’ R AR ”'_’*J'W
o3 20.2 258 | 4 | 5 | 5 eafidln/250 | Rjc [ B Srer magvoge demges-
-O14 {8.1 24,5 4 .5 /6 |5G//70 145/313 R/C Sriantation s highly varable .
o]l [6.9 22.% 3 S 5 /2-///74 Zé/ KOG R/C 600 M o7 somar missing . Count adjoied.
=11 5.9 1 2.4 | <.2 <, 2 5 39/4& /24/306 S/H g,ze;:rm: no!;{/:{o;;:-o?sm.i meST Gaging
e 12.17 8212 <2 4 |254lu/25¢ | /N
0% /3.0 — 1.2 | .2 10 Wa/fstlzs/s25 | </
O 5,8 —_— 2 2 7 127//67 /75/235' - OFrehZzfyon /5 '49%‘/7 tbl’/ﬂb/f,
Qzo Lo — .2 3 | & |miinilso/ 290 | R7C 7T R AGG vemabte
02t 72,0 — y , g — - —_— R/C 4o 5onafr’7‘>4:s fejmfnf ‘
0z 6.9 — 2 2 R 7N EEYE Ry |orrenmanon s 5ty variabler
QL3 (7.8 — | s | 5| 5 |48/2323/13 R/ |prer o S bkl vaviable
o2y (75 228 | .9 | .9 | /8 |madsslize/22¢ | R/c |7 7 = skl wratTe
[2YAS 18,2 24, 9 6 A 7 /3@//6/5 4/5/22 s p/C. OFron JaTren 75 VRTiabIE, ‘
OLG /7.2 22.5 Vi .5 — — —_— /?/c ne senar 74is Sejmehf~
(oYM /6.4 2.0, 9 4 X 4 %/&9? /50/300 — o0 M. oF _’sennr wi3stng. Cound adivsted.
LCeh /3.7 9.0 | 2z | «.2| 3 |//17]/26/308 | 5/ny |F5% T onddle of segmen?




3

e

I Line Nnumber

: 08

Year : /94,

gouge measurements in meters

i Fathogram Measurements | onograp easurements

SEGMENT e wiaonll Pensityll '8 L heeton REMARKS

DZ9 /5.0 Z 25/26 /3// 34 S /W |send waves sm ImoughSinsiin & F7%r)

020 — 3 (21 /20 r972/327] S/

03! — 2 16/ 7 1/27//57] s/W |
022 — 2 172783 207 60| ST | en ol o Veme oo 2]
033 /5.2 ¢ _|59/56183 /03 | S/

024 /8,2 7 v7/99 142/ 69 7 ";Jg.a RS 4

0325 20,5 5 lwapzzle3/ @3 | g /g 777 7en s A5y varrarie -

N3G 21 7

]




ey skt ah

,E’.Euimwm 40y waboups ou] OO N A L At P S R Lo c 27 YO ]
273 ob JSespea]  |=z'> |2~ % Sz’ LC0
o T Lzl 2¢0
2498 ‘opion W 5L suaisiont €1 - 36006 ) f A —y ey - _ _ ]
iuDb Ly1d_GaweIPE waLleStns D/ =3 \ 8 N%N\mm_ L 2! K 247 7/ B
* asuajui 552 Guiwaodag Guibosn /4 b \mv_ oo/ Q01 g < <> L'hl o'g/ cre
SN T Fappaooe /3 2 \vﬁ esz/ Qb g |5’ - o'e/ ree
GuiGnob u.mv.m BAnSSBI4 .umﬁs*.ﬂwﬂawwwmu;ﬂﬂuﬁﬂw%@ ) \ d bol \ 5] %N\ LI oZ L' 2’ o's/ 92/ 2P0
gos woooy | 2 501 /0g Lo/1g) £ S | .4 L2l Q20
gas woony| 2 0 Y ACIVARE Zz |27 /S S 270
9D " DUISS1es \..buc‘mwm‘_.ﬂﬂaw_ + 0L 208905 P00 N \NN\.\N@ mm\dm, € g’ z'> Shl S 40
.hx\uu\:\v\wwwnﬂ%o *hmw% L wQUOgENS ol o NP\MQ o_\D_ 2 z' z'7 SE/ 50/ L0
I ga/3L| /U ¢ | € £ | p¥ <6 970
wniLoggnswoaey | [\ J Lt Al il B Wi \.W S0
( @ovwavodfp ayy PBoob) ybng, AwDp S: weL10D9NS \C v Te |..\_.|l L g’ C' /1 28 \\Q
.Snvo» fAph S1 WQLL08 §hS ? an\ Wﬂ JM\N_W V =2 ﬂ. 0.\\ M.N m.\Q
O I s Tttty g e oy /os|sE/ke| € | 5 | & | 07/ 87 Z/0
N 19 /15 |88/l | T 2 2 c Z'9 770
Y SS/Sk /821 © € | 2 et 09 o/0
. YOS 3 SuyTE o ABLo 3| WD OF N gsz/eel |8l = |20 [ 7 Lw 59 600
pysallop g unas Gaississ anuos 4o s OSZ N €57/e4 | AT € 2> (2> | £V 47 g00
Cguswbes Syl auesS oU - - _— ~— 2'> z2' 224 ZY L0o0
mvlnﬂlnu{\&.%?umh“wwdﬂt.% .W.Mm,“o vw,.ecc N_oﬂesﬂwﬂm 2N m_.N\m: Q&\mw ) z' z' Se/ L4 200
LoOEL : wolyBiuaac Favpuosss N ) D_N\O: Nm\.em S Z &’ z'e/ oE .m,%
. P N L/ TN eR/1G] 9 |27 | 5 | — N 00
" 051 . mouoy wows | L[ 122/ N 95/15 9 | 2 |2 — Q'Y £00
puowbS  Siuh souss ou - .I\ .| — - — - S 'L Z00
Lpvaubie Siyl apuos oY — - — l.l - - \~“ /00
at&m;& .v“.\@\ fuowbos Syl apuos oy — - — _ - — \uv 000
- SHHVWIY .“mwm:w.:aonuo :o:mw...:ww:D >:m:om M_mwvsb «%%n_.wh_ uaaw_wvmv :Zo.o<_mcm :.Anuc,_no_«w.”vu; iNIWD3IS
[ 1010w u} sjueweinsBEW 0BNOB /5 .-S_UQ> \S\E - IQQE:; wc_l_L
—

W -



—

-~

Line

Number

2 09

Year .

/98/

gouge measurements in meters

Fathogram Measurements

Sonograph Measurements

T el R A R R ) el P REMARKS

029 1z 4| 2| .3 | lwepr|is/90 | R/IC

030 1.9 s | 5| 20 | 17 Vol |8/ 43 e
LEY /2.7 iz | 5| .91 3 w8y lna/u3 | R/c

032 /3.3 /b | 2] .8 | 7 VoSjes |co/ So /<

033 /¢ o /7, 9 s 7 8 /7///‘(9 (,I/Sl R/c st/;';/::)?h gouge densety buf gouges are Swa// dnd
03y ' /48 2o.o | .= | .¢ | 5 |27/23 (58 /18 R/c |¥geam o tmian e

038 : /5.4 /9.9 32 .7 8 Z(oé/Z'ﬂ 5;/'72 ﬂ/(’. 06 pn oF Sonar m;ss-:xg.cm:,+ ariiloﬂe.:k

036 /5.8 Zo.4 31 e 2 /2 's2/12 R/C It T 0 o oo shocts ot V.. sl
037 /6.7 /9.9 | <,z| .3 7 |s8/59 187/97 |R/CE e

028 )i 5 22.3 | <iz| 2 | 3 |50/l [155//73  |RA? _ ladumhon e 2230 0 02 <0
029 j7: 2 — | <2| .2 7 |5¢/58 |51/ R/iC?

Y2 7.9 22 | 3| 5 | — [ — — — e e i sce e (oo AcbARERy REASORY
o /4,0 235 | .3 | 7 | 8 leecssa |8/ 39 A iy Sl R
ofg | 197 | ees | 3| 315 luofu (5393 [ S/N 7 10 e il sudi %ah sond mssysdead
043 /9.0 — Y | ¢ | 7 |eHfw 123/238 | R/c |"9F sty qeusins shihs g cfier Slciossug.
oYy 20.0 24, O 3 5 JO |198 /200 ':‘|l(‘,/ 24 | P/C- EAJD OF SOAIAR

s /8.5 zz.o| .31 4 | — — — -

oA 4.2 22,3 o - — — — . Z Medev choal al beqwning oF §egwent

292 | /86 2z | — | — ] 1 4 - -

098 /7. 2. - — — | = — - -

049 /5, 3 - — | — | = - — - L

050 /‘/5 _ . _ — — _ _ 2 wmetev Shoal al mﬁ;ejmm{.

057 /3.9 — —_ — — " - -

052 oA — — — - _ - -~

e 3 /2. — — | — ] = - - -

oy /.2 — — -1 = - - -

a55 9,5 —




Line Number : /3 Year : /@g/ gouge measurement In meters

Fathogram Measurements | Sonograph Measurements |
Water Depih JReflector] Gouge | Ridge | Gouge Orientatlon Sediment
SEGMENT| " Gietiors) “an Deapth | merge | wigg| oo iy| O7'E8 cdiment REMARKS

——o
000 7. 0 o | <L, 2]| <« 2 /540 !é{/(,g W s Kirge 112.5 oo

48/53 |4Z_,AI(L '\3/5 2. melh) Gauges T MIE ., 787 T, SLn o<,
de/3d| W1/ | N/

00| £g.0 //:0 2 .
_00% 2.3 (78 | <2 .

0073 /38 231 <2 /17 | 12828 NS

TR o e vir e

-0 /8. / 22,01 .2 | . 105//0z) 00/ 100 77

2

3

T

004 (o) 1240 2| .2
%— P 5eve — 'wm., W

006 | o0 | 28¢| S| . leg/rs8| us /M3 | c /R

2
2
3
S
12 |4as 4l 97/ 97 | M/s
g
7
)
1

o067 | 2Ly - & | .5 266,164\ 13/)12 7/ —
008 23\ — 2| o 125/123\ (12/11 2 /R 73

many deed jages (7.0m +)
Tl oo ootem e tlector.

Ooq 2Y./ — 55 /2 15‘— ﬂ///g //5’//5- (/,{
010 26.8 28 | 43| 24 | 10 V2shssl28/28 % o
OlL 26!5 341? 3-0 /15 10 /Qﬁl/ﬂz /28/28 C/f 5-30"—525 over

daggegF /n7¢1510M Gad ﬂ,jﬁesf- f-/dje_ are #he

o12- | 299 | 356| 28| z.u| s0 22zl yi7/n7 | g2 Sam’iim(m/m AR

013 332 | 36.5] so| .8 (13 [93/%\r21/12/ R | Luge Lygome vl smares Fon £
o 24,9 3701 /03 sl |17 Yoglolus Zys 7 TR I S L e o
015 | 35.2 39.20 94 .7 |42 \shz4\/29/r29 | wifs |79 ‘
ol._| 348 1|




Line Number \S Year : ]Li(%)l gouge measurements in meters

[ Fathogram Measurements Sonograph Measurements

seamen ] Voer Deptr RellecTorCOTgeT HTdee T 8ouael b ne 1] 0T8RO | oo REMARKS
ooe . A ) =Y - 5 Aﬂ//ag §2/ﬁ > f\) Wek pager , i 5 125 4~

! 1.% : -5 | VS l7ar3v | 34/37 s N

2 3.7 — 3 | .| 15 |2%/55] 23 )26 s M

3 3.5 —~ 2 | 2| a4/ %6] 3625 > M

4 9.2 - 2 | 2| 7 |5d]s2s5 [s N

10,0 — | 2 | 2 | & [39/23]06s /e S 1

A 16.7 2| 2| Y 52 4a] /13 < M

7 1, L ‘ 2| 2| 5 [/l R ¢ |[lmbaplob Loels )

g 12.3 — o | .5 | B |43 b0 fies R

4 3.3 — 7.7 | 4/ 43] B0/33 Rc

1o U2 - 5 | .4 3 |H/a3]|80/8% Re

1 14.s’ — 6 | .8 |6 he/a@|o/lsz | RC

12 1L(3 _ L 1 a8 [ 7 lwgslio/izs | Re

13 16,8 — B 1.5 | o lizg/milize/)iz? ne

1 181 I — I 7 et =l /e 5%/@( R ¢

I< ie 1 — 1 L T 7 1 aliz/us] 557123 | Re

b 4.3 : L 17 10 177/75] J0 ja> | Rc

11 21 ?




4R

Line Number :

o)

Year : 48]

gouge measurements in meters

Fathogram Measurements

Sonograph Measurements

e Pl o s I I YD S e ___ REMARKS

000 | 247 — [ L2 w1 | 12 [usfaloe/ 96 | Ryc [¥n5e 150w

Q0] £3.2 — [ 1alro | ¢ [inosalaaa/ 84 | R/C? éﬁé_g.%mé_{@_mé_m&n&
oo 18.4 - 81 5| & |8o/nlig/ 90| TF¢

003 (7.4 — 41 .5 | 3 [57/6shiol oo | SN [Feoment weves freeley) 81 G
004 1.0 — 2| 2] 7 |8/1903/ 53] SN

005 1,0 — | 41 3] 5 [l0ehegns, (5] T ¢

006 16.2 — | .21 51 4 loefanjosg/ 10| RACY

00 53 —~ | a1 9| & |s3/6k3)09e/ 82| R/C

008 Mz | — | 3] 31 7 [48/41008/ 16 | T ?

0% 131 -




~ " - £

Line Number : 32 Year : /94/ souge measuremants in meters
Fitlxigram Measurements __Sonograph Measurements
seament| Water DepthTRellector] Aouan | Bt om | Widtn | DEneity Ot on | ohaston REMARKS
000 | 65 — | —| —l =l o] —= N [ e O e » < S
20/ 642- _ . _ - 0/0 . // Hissible Scnd.‘u.nxl"-s and ﬁﬂfégfm ;3: née’;r
007 s | — .5 2 |/ lie/yz 131/ 10z | s/ f”ﬁiﬁﬁﬁiﬁ“ﬂ%ﬁﬁé}i&
0z | s2c |l — |/ | g [ 13e/slia/d6 | SIN Gt e farge B g Ly sorer Gend 5T
00¢ s4.% | — | .81 .51 & W/ lies/ 40 | S/v
008 ca 2 | — | /0 1 4175 |s1/ele4/aq | s/V
206 cae | — | /2| .7 | /8 |5%sglie0/ 105 | S/W
dq2 54,0 | 54.0| 43 v | /9 |48/52|136/ Jo4 SJi] |/ Sk TaFas reflecTor ppears rridaro g Frrovg b
003 54‘5 =8.3 2.5 /3 35 Q7‘/70 lqO/lZO S/,j 350 m of-usanar m-SSllnsncauv\'f adyvsted.
/70? 54, 2 _ 2‘5_ 15 . — 12)‘:\5/ ns S/A/ VID sonay S @Swu\w.
) 54,7 — T 25| .6 | 22 |5/ Mol izo | SIH [ = T
oy 550 ] — 20| 2.2 | /8 |A6/78 1121/ W s/ M
(/2 54,5 .0 | 1.6 i 26 40/40 lZ3/|O§ _3//U S SURBOTIoA~ WEFLECTORS -
&3 54,9 54.3] ,5 | 8 A0 |32/321129/107 | S/M
Y. 535 | ,L0.0] 2.1 | 1.2 | 61 |doMo 123403 | /N
o5 52.8 | 58.0] 3.0 | 1.3 | 21 A\/43[131/] /N - . .
0/ =33 | 56.5| 2.1 | 1.0 25 [44/94 (124104 | S/N VEPEY Ve TRERT SUTIaCes ot e SR
017 T T a1 2 2/4 h2a/0a | /N [0 weme i = T T L
0/8 5!.7 56.0 [.O , 8) ZZ 48/43 \Z,"I/lorl S//U Zngd Sub ho:i:\‘ov\w- te Yiector .
/9 | stz | sailto]l 5| — | = o I L A
020 499 | s3akl 2ol W | — | — — S AL [t s atesgee
O/ 273 | 538 15 | 8 |32 |12/68|144 109 | oM
g2 A | sa.0) .6 | .6 LIS ne/9s1134/49 | SA)
272 | 402 | sz.0] Ll | .8 115 |85/93(135/100 | SA
o7 255 | so.a ] 14 | .6 lzo |le/791\32/41 | YN
DL 1 435 | 449.8 | — 122 lg4/p02]133/ 48 | /N [ha i e T e 2uvkaces.
T oa: T 2az.6 1 — [ 03] 14 |29 [4240]134/99 /N
0J7] 432.0 | — 123 ] . 24 126//37] '35 /100 | S/ [ersr T
J28] 41S — 8 | 4 | 11 [iz3]1d0/les | S/N




Line Number :

SA

Year :

/787

gouge measurements in meters

Fathogram Measurements

Sonograph Measurements

Water Depth

Reflector

Gouge

R'rldge

Gouge

Sediment

SEGMENT! " tmatare) A Bone | toiom | wiade| pensity Oriegtation J3odiment REMARKS
oz,q ) - . = Lo \S qs//a? IBQ/\O4 ﬁ/,\) Fund 029 is nat en Faﬂ\oneﬁ:r.l
301 A2.0 [ 455 16 | 8 ] 17 |1e/28l 120 /1ot ] op 2 | Tessibly 2 sdbothom refleciors 44s)
02/ | 4tz | Ao [ 19 [ 12 [ 15 189/97] 132/098] T3 G990 becommg rovgher Lourper on 2orar)
HD2324 4o.4 45,2113 | L2 Y2 YR N2 G
23] 420 | 44.9| .9 | 14 | [0 |98402] \31/a0c] R/ 7 B bcamnn Sralkn SuRs ver Rt
03¢ | Ak — | sl e [ [deq00129/004 ] R/CT
25 | 400 477 1 1 | 8 | 15 053] 141 /086 | R/c |t et
03é 3q4 41'4 \A 's Ig— \\7//28 134/0010( R/C. ? reHecTor sur¥aces wid segment
227 282 — B [ 13 | 13 [1224g9] 143/\06|  K/c 7| Feer's ety Siapmg vedectors CoBiiore)
03 28,0 _ 1,0 L3 (7 ’40//4/(’ 3(/0(76 R/c? Cleoply dippr ng retlectovs .
029 3.0 — lus | ve| & lisymslize/ogr] Ric URl (3" dier S tamiares = tr 2 T bE
04/0 25 .9 — 7 3 q Cl//gq IBQ/IO“‘ Ric 7 deegly dipping veflectors i
0(// 25,! _ 1.0 2.2 X 192/25'9 '13/088 R/C 7’ 4 meter shoal at w:i Se-jmevﬂ" [
40(/02 32.[ — ‘7 4 23 155/2¢8 15'0\/0614 S/y\) 7‘ .S meler shoal aT mid SeqménT,
QY= 32.% — 7 wo | Ve 12479 a5 /oas | R
ALY 3l.0 — 4 8 4 [\48/421163/04 3 ©/C?
W 31,3 — 2 | 414 A6 041 /981 SN | | Bt T R
DYt 28.0 - | 7 8 | 8 liage 115/ 090 R/c?
047) 30.1 — 2z | wsl G Leis?ior/ 0an RE 7
DA 24,6 — |tz | 1| 1 15U Ine/046 R/ 7 .
i 26:9 - — | =1 & [weypzhos/ogs RAg 7|7 Htegram TS Segment
J50 21,7 — & | 1o | 5 |zot/93]i05/0a5 R/C7
| 057 215 —




Line Number :

23

Year

/Sf/

gouge measurements in meters

Fathogram Measurements

Sonograph Measurements

3 = or.astation N = pesyiod

sEamEnT] " qier Depi el stor] Couge THTT0e TCouaeT Donsity| O 81 " | goiment | T |, ov I5. REMARKS

000 bo.H — <202 | ) g /)l | s N Nz non cohesivo (= coleside %m
00| 8.5 <2 (<. as | Wz zipuar N 20md wonty X 25w = 005°

0z 7., 220 | <,z | <. 2] 5 | s/ [0¥[o3 '

007 5.2 als |, . 5 lioz//00(Sf20 T brekin shpe - gousing Aosuer fo_soqomaud
0 22.2 — .o |vo |0 |ue/nyliShzo Re -

005 29.(, — Ly L0l | /0 1919 o fpoc RC

(6(s 0,0 — 1 1d 120 115 | %/73198/03 Re ,

007 24. - LE [ e | 19 lsti/#9 Losfi Cloxmared) Shoal [ cand come NS B-005°
008 30.4 — g L 1o Leywsluhe RC '

004 g, | 4%0 | 1 [ 1.7 | 5 |28/75]00/0S RC

B0 %7 Yos | o | .8 | o |13/23 usho R¢

o1l 3.5 420135 |13 | 3 |s/s0l43A5 - _

oz | 430 | “ppn 130 | .7 120 lez/¢ol Wfle | SN [ Fo7 o 50y Qs 7
al3 45,0 46 122 |15 1o |66/ ¢31105/0 S N o

oM 4y, 5 500 |32 [ 17 | 12 |68/65 [1ofS S

015, Y7.0 56 1 1.5 |11 lo 13/ 33 2% S N wanses L umuy s}

o016 47,0 56,0 7 114 10|29/ 37 jjo° fos S ¢J

Al Yo.S so5 | 25 [ \5 |10 #/5813°/35° |S W

018 U, S s20 | 17 | L2 119 |92/40 oSito S

04 w5 | 5o |25 | 2 | 25 |29/94 5955 s N

020 400 52,0 | 1% | Jo | 22 [2/38 uSfzo S N

024 5.5 s |17 1 |4g 1/38/r9126/2] SN gy oy

22 52.5 <% SND LIvE




Line

Number :

SH

Year : 44|

gouge measurements in meters

Fathogram Measurements

Sonograph Measurements

el el el P A I T B il A REWARKS

ool “o.2 - 20 | 20 15 //{/ 4 3| %/l04 e

90| 2 0 Ylo | 3o |50 | zo \pg/ L7 120 R

002 35,09 230 2.1 2.2 | 12 /380351845 L <

002 32,5 315 {20 |z | & limlai¥ o R_C % o henely

g0 44.0 20 | Lk | 1o |20 [mlespthio (R & [ ud i I0F e (doprm
oS 35,5 ag |l | Lo | 12 [99/90 %8102 R ¢ )

0k 12,0 340 (22 | Ls | 10 |49/% bi/104 R <
00? 2.5 Sbo |18 |tz | 1o |uymalge/a4 R C

008 245 B 123 |Ws | 1o |82 20 ke 7° qouny® = TH°

004 27.0 ns (23 [ | 8 |yt [ghs Re

) 2¢.0 sos | lo | LU | 5 |19//88|7% 08 R c

ol 23.5 28.0 Lz |11 5 |26/206lN 1y £ c <

T E 270 <. |29 | 7 lawforlr/1og c Frstrollocloy swvionm, gnd | £ s |
o!% 9.4 o4 [ 4.3 | <Y 5 hzcliac 57124 C 10 30r5ee T pn i d pesnsing N BB oty deviy
oY 1.6 200 |22 |8 |s8/topfr2 T i

oS IS — <2 <2 |3 l4t/9¢562¢ i bvorleo o 55 poramed

il 2. — <2 e 2 1 2 18//3 2dlbo N

017 1.4 — 1«3 (<2 | 2 |9/ ) Bfiuy N

013 1.9 — <zl L2l |7 w za//(oo N

DL 5.5 — END e




—l I - ™ G TN IS TNV BTN o 1 n" L1} [*%. #l) t /I 'cg Q7
— i WJ i STV NT FeWwrisu/y n7r. 1 ot /- 1 7.0 i [ Y 1 2
I b0 ¥ 1 udsvg legs/zel-Ll 1 2001 9 1 UH7T 1 0 220
T 9 | OhL/70% | Ak 7UBT LI R W 1 0eh 1| &0s <70

J L= I | L s 16 I 29 ‘n 7 [ RN ™ LS 707

77 & Y7 S I (IR 7 “ v vy —— i~ LA 7. L9

By /2
) AV AN A Y I S'Zh 11 gy 170
S I DL/ VLEFTFN Al 1 G 1 a™ | &' | 6'GC n 701
1) VoGl fFL N A0 9 1 1 1L Lo | 0k 1 9¢e AT

) I S5 1 7HZ |bEI AT 1. o'l | ~»'l 1 0% | ,'7¢ Q10

Wl [ A B R - VA VAV AV AV L Ve § 1~ T 1 [ QI | t Gvianr t nN*'7¢ [ Rt

o/ i SV S A 77T 1 CA AV B | I AtAe [N al

i ha | o> s N/ | AS T 1C57 - I 9 1 1~/ 11 1 v v ) [ I Y

] VA7 772/8e//9511 ¢4 1 Q> 1 1™ 1995, 11197 10

_ <) Lol /h2Iyasl| /. | ST | LT | SbC | hZ 210

AT Py L Iy )y ) AU AN R~ .5 — | g 219
Soryoe) ySodL aqb Sonbb "/ Se&/CEl | /BI/8Y | [ L L’ — “1'zZ 1y

o 1 SYWLAREA 2T AN 2 I+ s'Z S o g

s ooy fl —ppfde $2E00k K OZI/SNCL/pL] 9) [S'7 | L'7 | 9he 102 W0y

N ezt/SI 8771 5 1% 7| €5 | Skt K 800

128240 wvgort pag g osge Suddp paciuae| (1 9o/t 7z |27 | 27| 5ol | S o0
~ nallccll 9C 7571 = < iv < - . Sl A0

(g C Al /%0ller 76011 —p I < i 1 ¢ 2 i <l 1 n’'Nni 1 S an

. ~ A.N__\P: m_\w_ S > ' 9% DB ki oo

SHARATYT WY vy N a2\l ol /9l T 271 21 <ol o'l L 00

"$0153§03 Vow i (Bnssaygo) SmPUin w0z huunf] L ! Ve Sty s s w7 e 2] e L Ly
| ~N 747 0] (/7. — = T 551 o | 'l ) Q0

oSt Hoy | ~ I _ 2 | — | — 0 — ] “ri N edle!
SHHVWIY | TIRIIUIL b Mt e L [ANBueq [I2TUm [ eMMITO[WANTU | eve | APPTITMS ) N3IWDAES

N W
sweJinssew ebBnob _ﬁf_ . hmm> \ﬁm . ;—@QEDZ mr_._ﬂ__




Line Number :

)

Year

(431

gouge measurements In

meters

Fathogram Measurements

Sonograph Measurements

seauent| Vol DepmRelector CougeT RIdge T 2euad nanatty] O 5y °" | wapoeon REMARKS
929 | 33¢ |37 jo | o | 15 [ksho]60 300 [ R < Sy sl bbb
| 0% 30, b |26z | I [ to | o |iupyse2/z02- | R C

03/ 28.0 23 g 20| & | )0 182/127] vel 306 R ¢

032 20.7 32, 0] o] .8 7 |2 2/n8] s8] 248 R ¢ | sub bobm wming wp

033 2.5 | ?a5| 1o | 7 5 [188//79| &5 30 R C

U3 22.5 — 7 A 5 11851179 | bL[30) R ¢

035 20,5 — .5 7 7 |ysel/s5] vl 30 T

0% 20, 0 — 21 5] 2 iz/ol|srhe v S ¢ SR ) bomgs connven 240°
0 31 9.6 ‘ <2 | <] 15 éy/él 12/3 1 S ¢ Vekch., ele 260
028 By - <% ] 7 1 (1//8 |s2f3v2 S N

6 %9 IS, 9 — | ¢« N | 6 |22/23]|50/30 s n| grAL

04 13.5 - 4% 143 2 | 7326 | 4z 200 S N

04 | It.o _

EN D Linvge




5.8

Line Number . SQ, Year : Mgl gouge measurements in meters

Fat_r'Logram Measurements Sonograph Measurements

sEaMENT| Mo iora) | otae o | Bantn | Hosgnt | wiate] Bonaity| OTlB RN [Se et T T T Remanks
000 5,0 - <z|<2| [/ |z/3 L|,/7£ S N Tonag g (kit dos) © sawd (2)
OO\ 7.?) —_— — —_— - O/D — % [ '

002 92 | — delda | /) /) \4ddz) | s 8] Gy boline

003 12,2, — 1Lzl oy ledgor | s

ooH 157 ‘" | L B | 4l 26/25 15/ 110 NN

o5 156 — <3| <2 4 [3¥/3¢5 507 107 S N Gowrrimey tm Stlobobon s anndh ”\W’)"As
00b 6.4 = ) ) 4 lag/os 5‘5,/\‘2 s L

001 1.7 — 2| 2| 7 198/79 [>s)i= 5 &

008 18.s — 2 B g 123/23 6211 NS

005 2o, | — <2 | t2 | S lep/99 |21 SN

010 202 — 2 | .3 L |#/92]%]39 2 W

o 2[.t — 2z | A1 & lz/137la2)14 R_C

oz ! 22,8 - 5 .5 jO /%/20‘/ Sz'/(rl R C lim 5/04%6:«(:4- jzjf’;;/::::éef
013 202 — dtz LIl | 8 nfzlns/i4> R_¢

0 — — b b 5= Voy/ses|102] 127 R ¢

P 20,5 336 | Lo |12 | 5 /aolizzfiys Re | gevges eppetr surdoss
olt 39,0 12 | 7 51 5 19/ 90]i20f \1s R_¢

o 39,0 22 Lo | v | 8 1¢/ 66 os/i2o R_¢

D8 35.5 0,2 | b | 4 b _18/20]13]14% R C

35.6 0.5 B 11D | 7 lnarer] 0)us R_C

220 557 9.3 D1 V\e | 6 \phosliniiz | R C

02! 3.5 410 L 1.8 S 1136/131 | 70 /132 R ¢

012 3 ¢ 40,5 .38 K4 L _1#/ 8¢ ‘—SI/I?.O R ¢ | foges oppsirfresh agsin.
0% 215 Qo Ls (44 110 [7/7¢ 8218 R C bt oo b
| oad gl A WA [0 |5dwe 1585 R C

0s 35 4 A .51 S yriygalns /235 R ¢

oze | 15 %4.0 J Ve | A misglns)a8s | g e

227 390 8o | B 1.9 | 8 it 18195 | R

28 Dais oo L oV ol |V edzgi 098 ] RC




]
| !
AT N ] I ] ST Ty e
~ S 1 17 /1 %0l IZY/ ] ~~ 1 e r’ T — ___ Ve
"
o~ 17y 1701 I " 74 [ - € [ — _ f.Nn_ Oﬂ
. - I R R - ; , - .
o™ - 1.l T.— M \\\\\\Q h“ @v A\q . 0;(; &T
NS QOM\Tm,m. .UM.\MuM b \u.. > — ET L
parmyar ap <winvay Sufiek - Ry w 7 NS L8 L2 AS Sl € 25 2 ¥ _ o R Cr
7 7 L
' !
RN PR b e T L Zo0lt7 I 1 ZE7 74 T T = e
] Iy} ] AN ATV VTG FACT] 7 i C 1 P — v.v“ TT
o LLITIND 7Y rm&_\ SV A% S > < ¥ — 7 27 Sh
2 TN N s M =Y 7Y ST 26 > 7 = 7 T =
Ao dop - — =1 = — - S'hy | V()
[ L PSSR N R - N L bz o
2y ORIVl a7z \ | BA//raz| O] <7 | — ]
o« 1 } MNS T Il v?2 /77 71L07] rall - el L a7 C
+ VAN K[LZISN OR8] 7 ) | N c.? AT Lt
Sa8nel t1sawt bupers 23 1 obZ [/ oulssr/sezt T S” S . Sl 2%
] DN I VOGS JOhIAZE 97T <o T OF 7 7]
v | e et L2 A A ~ e y 9'\% | he
U T b~ <075 Opl) i e el apA | ¥ 1 e8T/e TLLELN G e T as \Isﬂ e 1 S50
I YN ) O 7 1 O | IS TR T [ [(P=T] a7 \:.\\lJillﬂ)I—
1 I TN T S CH 1IOCITC7 1 1 o i P — — T T ¥
] | | SV Z7IC 2 1/ Cr71c/ ~7 1 o0 Qs PRTRN \Nﬁfm QMO
0N e | >y L =Gzl |V LI 7RI [} c ° oe X2 CASrd eT)
SUHMYKHI WA (I oW | uuvliseyug | {1 &1 1.8_ '~ JUIDIAM 1uBtaud | nrdan 12 Foinroast
W W
si1818W U| SjUPWEINBEBAOW OBNOB \Qhl ¢ .-.mm> A + Sbwq

2¢ I J9awnN aulT

-



‘ ine Number :

3

Year : J45|

gouge measurements in maeters

Fathogram Measurements

Sonograph Measurements
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gouge Measurements in meters

: Fathogram—MEasurcments

Sonograph Measurements
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